ABSTRACT: Postfabrication carcass component weights of 517 crossbred wether lambs were analyzed to evaluate 4 terminal-sire breeds. Wethers were produced over 3 yr from single-sire matings of 22 Columbia, 22 USMARC-Composite (Composite), 21 Suffolk, and 17 Texel rams to adult Rambouillet ewes. Lambs were reared to weaning in an extensive western rangeland production system and fi nished in a feedlot on a high-energy fi nishing diet. When wethers reached a mean BW of 54.4, 61.2, or 68.0 kg, they were transported to The Ohio State University abattoir for harvest. After refrigeration for approximately 24 h, chilled carcass weight (CCW) was measured, carcasses were fabricated according to Style A of Institutional Meat Purchase Specifi cations, and postfabrication weights were recorded. At comparable numbers of days on feed, Suffolk-sired lambs had heavier (P < 0.04) neck, breast, shoulder, foreshank, rack, loin, leg, sirloin, roast-ready rack, trimmed loin, and boneless leg cuts than progeny of the other sire breeds. Boneless sirloins were heavier (P < 0.01) for Suffolk-sired than Composite-sired lambs but did not differ from those for Columbia-or Texel-sired lambs. Columbia-and Suffolk-sired lambs had heavier (P < 0.01) hindshanks than Texel-sired lambs. Suffolksired lambs had heavier (P < 0.01) high-value cuts (rack, loin, leg, and sirloin) and trimmed high-value cuts than progeny of the other sire breeds. Cutting loss (CCWwholesale cut weights) and high-value trimming loss were greatest (P < 0.02) for Suffolk-sired lambs and least for Texel-and Composite-sired lambs. Sire breed did not affect (P > 0.06) fl ank weight. Data adjusted to comparable CCW reduced the number of signifi cant sire-breed effects and changed sire-breed rankings of carcass component weights, for which sire breeds differed. After adjusting, Suffolk-sired lambs had lighter (P < 0.05) loins than Columbia-and Composite-sired lambs, Composite-sired lambs had heavier (P < 0.05) high-value cuts than Suffolk-sired lambs, and Suffolkand Columbia-sired lambs had heavier (P < 0.05) necks than Texel-sired lambs. At predicted backfat thickness of 6.6 mm, Composite-sired lambs had a greater (P < 0.05) percentage of high-value cuts than Suffolk-sired lambs before but not after trimming. Producers can use these results to select terminal-sire breeds that will complement their production system and improve lamb value.
INTRODUCTION
Flock genetics, production, and marketing systems vary substantially throughout the U.S. sheep industry. Western range operations produce approximately 50% of the U.S. lamb crop (NRC, 2008) . Live BW at harvest is the standard measurement for calculating value of U.S. lambs and has increased from an average of 47.5 to 63.5 kg between 1970 63.5 kg between and 2006 63.5 kg between (NRC, 2008 . Gross and boxed carcass value of crossbred lambs increased with increasing LM area, measured ultrasonically or on the carcass (Leeds et al., 2008) . Therefore, grid marketing that defi nes carcass quality and yield specifi cations can better quantify the value of lamb carcasses although few industry groups currently use value-based marketing systems (NRC, 2008) .
Because comparative carcass data for crossbred lambs sired by modern terminal sire breeds and reared in extensive rangeland production systems are lacking, a 3-yr study was conducted at the U.S. Sheep Experiment Station (USSES) to evaluate Columbia, Suffolk, U.S. Meat Animal Research Center (USMARC)-Composite (Composite; Leymaster, 1991) , and Texel rams as terminal sires. Ram breed did not affect ewe fertility or prolificacy and lamb survival . Suffolk-sired lambs were heaviest at birth and weaning , grew most rapidly from weaning to harvest , and had the heaviest carcasses . Texel-and Suffolk-sired lambs had the largest LM area Notter et al., 2012) . The objective of this study was to quantify the effects of sire breed on postfabrication carcass component weights of crossbred wether lambs harvested at different BW.
MATERIALS AND METHODS
The USSES Institutional Animal Care and Use Committee reviewed and approved all husbandry practices as well as experimental, transportation, and harvest procedures used in this study.
Animals
Detailed descriptions of the overall experimental design, sampling of rams, fl ock management, and feedlot and harvest protocols have been reported Mousel et al., 2012; Notter et al., 2012) . Briefl y, from 2005 to 2007, adult (3 to 7 yr old at lambing) USSES Rambouillet ewes were mated to Columbia, Composite, Suffolk, or Texel rams (a total of 17 to 22 rams per sire breed) in single-sire mating pens (Table 1) . Columbia, Suffolk, and Texel rams were sampled from 11, 11, and 10 industry fl ocks, respectively, and from USSES Columbia and Suffolk fl ocks. All Composite rams were sampled from the U.S. Meat Animal Research Center (Clay Center, NE) fl ock. Lambs were born in March or April of each year, managed in a feedlot setting for approximately 30 d after birth, and then herded on sagebrush steppe and subalpine range until weaning at approximately 132 d of age. Within 8 d after weaning, lambs began gradual adaptation to a fi nishing diet in a USSES feedlot. One of 3 replicated feedlot pens was randomly assigned, within breed and gender, to each lamb with a maximum of 16 lambs in each pen. Lamb health was monitored daily and ill lambs were treated .
One of 3 harvest groups, with mean target BW of 54.4, 61.2, or 68.0 kg, was randomly assigned within breed to wethers entering the feedlot . When average BW of all wethers remaining in the feedlot reached the targeted harvest-group BW, wethers were transported to The Ohio State University abattoir for harvest. A minimum of 0.52 m 2 of fl oor space was provided per animal, and wethers had access to water and alfalfa hay during the approximately 48-h transport. Upon arrival at the abattoir, lambs were rested overnight and offered water for ad libitum intake; feed was not offered (Leeds (Table 1) were collected and analyzed. Similar numbers of carcasses were available for evaluation across years (n = 170, 179, and 168 for 2006, 2007, and 2008, respectively) and sire breeds (n = 130, 130, 124, and 133 for Columbia, Composite, Suffolk, and Texel, respectively) .
Measurements
A complete description of harvest procedures has been reported (Leeds et al., 2008; Mousel et al., 2012) . Wethers were stunned with a captive bolt, exsanguinated, and dressed. After storage at 4°C for approximately 24 h, chilled carcass weight (CCW) was recorded and carcasses were fabricated.
Trained personnel fabricated carcasses according to Style A of Institutional Meat Purchase Specifi cations (IMPS; USDA, 1996) . Weights of neck, square-cut shoulder (shoulder; IMPS number 207), breast (IMPS number 209), foreshank (IMPS number 210), rack (IMPS number 204), loin (IMPS number 231), fl ank (IMPS number 232E; 2007 and 2008 only) , whole leg (IMPS number 233A), sirloin (IMPS number 245), and hindshank (IMPS number 233F) were recorded. Further trimming and/or deboning of rack (roast-ready rack; IMPS number 204B), loin (trimmed loin; IMPS number 232), leg (boneless leg; IMPS number 234A), and sirloin (boneless sirloin; IMPS number 234G; 2007 and 2008 only) was conducted, and the products were weighed for each wether. Leg weight was derived by subtracting sirloin and hindshank weight from whole-leg weight. Cutting loss was calculated by subtracting weights of neck, breast, shoulder, foreshank, rack, loin, fl ank, and whole leg from CCW. High-value (HV) cuts were the sum of rack, loin, sirloin, and leg weights for each wether. Trimmed HV cuts were the sum of roast-ready rack, trimmed loin, and boneless leg weights. Boneless sirloin was not included in the trimmed HV cuts because weights were collected for only 2 of the 3 yr, and the year × harvest group interaction was signifi cant (P < 0.001). The HV trimming loss was calculated as weight of HV cuts minus weight of trimmed HV cuts.
Statistical Methods
Changes in measured components with increasing time on feed were described using a linear mixed model 
in which Y ijklmn is the observation on the nth wether sired by ram S ijk of breed Bj in lambing year Ai, with Rambouillet maternal grandsire M l , harvested in group H m , and with initial weight deviation D ijklmn from the corresponding year × sire breed mean BW at the start of the feedlot trial; μ is an intercept term common to all observations; α is a linear regression coeffi cient relating D to Y; and e ijklmn is residual error. Maternal grandsire and sire (nested within breed) were considered random effects. Denominator degrees of freedom for tests of fi xed effects were determined using the containment method of SAS. The TukeyKramer procedure for unbalanced data was used to identify pairwise signifi cant differences among least-squares means for years, harvest groups, and sire breeds (Kramer, 1956) . The continuous effect of D accounts for variation in initial BW within years and sire breeds at the start of the feedlot trial, thereby increasing the power of statistical tests of other effects in the model, but it does not remove variation among years and sire breeds arising from mean differences in initial BW. Preliminary analyses indicated that effect of initial BW deviation largely accounted for effects of lamb age at weaning, type of birth and rearing, and dam age; these effects were, therefore, not included in the fi nal model. Comparisons among sire breeds at comparable progeny CCW were made by fi tting the allometric equation Notter et al., 2012) Y ijkl = γ ijkl W β , in which γ ijkl is a proportionality constant associated with the ith year, jth sire breed, kth sire (nested within year and sire breed), and lth maternal grandsire; W is CCW; and β is an allometric coeffi cient relating W to the component weights. The allometric equation was linearized for parameter estimation and hypothesis testing by transforming component weights and CCW to natural logarithms (ln) and fi tting the linear model
with model terms analogous to those in Model [1] . Residual differences among harvest groups after adjustment to a common CCW were then evaluated by adding effects of harvest group, its 2-way interactions with year and sire breed, and the harvest group × sire breed × year in- Mousel et al., 2012) .
RESULTS

Changes in Postfabrication Weights with Increasing Time on Feed
Year was signifi cant (P < 0.01) for all component and derived (cutting loss, HV cuts, trimmed HV cuts, and HV trimming loss) weights (Table 2) . Cutting loss was greater in 2006 because fl ank weights were not recorded that year. Because lambs from 2008 were harvested an average of 13 d younger than lambs in the other 2 yr, they had lighter average component weights, and this resulted in less cutting and HV trimming loss.
Harvest group affected all component and derived weights (P < 0.01; Table 3 ). All component and derived weights increased with increasing time on feed, except for boneless sirloin and cutting loss.
Sire breed least-squares means for all weights are presented in Table 4 . Suffolk-sired lambs had the heaviest (P < 0.01) breast, shoulder, rack, whole leg, leg, loin, sirloin, roast-ready rack, boneless leg, HV cuts, and trimmed HV cuts compared with progeny of the other sire breeds. Boneless sirloins were heavier (P < 0.01) from Suffolksired lambs than from Composite-sired lambs, but Columbia-and Texel-sired lambs were not different (P > 0.21) from each other or from lambs sired by any other sire breed. Suffolk-sired lambs were heaviest (P < 0.02), Columbia-and Composite-sired lambs intermediate, and Texel-sired lambs lightest for trimmed loin, cutting loss, and HV trimming loss. Neck weights were different (P < 0.04) for all sire breeds; Suffolk-sired lambs had the greatest and Texel-sired lambs had the least neck weights. Suffolk-sired lambs had heavier (P < 0.01) hindshank than Composite-and Texel-sired lambs, but Columbia-and Suffolk-sired lambs were not different (P > 0.26) from each other. No signifi cant (P > 0.06) sire breed effect was detected for fl ank weight. The only signifi cant (P < 0.02) year × sire breed interaction was for hindshank. Sire breed rankings for hindshank were the same as those in Table 3 for 2006. However, in 2007, Columbia-sired lambs ranked fi rst, Composite-sired lambs second, and Suffolk-sired lambs third, and in 2008, Texel-sired lams ranked third and Composite-sired lambs ranked fourth (data not shown). 2 Difference between chilled carcass weight and the sum of its fabricated components.
3 HV = high-value; cuts = rack, loin, leg, and sirloin.
4 Sum of roast-ready rack, trimmed loin, and trimmed, boneless leg.
5 Difference in weight before and after trimming of HV cuts without boneless sirloin. 2 Difference between chilled carcass weight and the sum of its fabricated components.
Changes in Postfabrication Component Weights with Increasing BW
Even though Model [2A] was determined to be the best fi t for the data in Mousel et al. (2012) Model [2A] was signifi cant for only 2 components (rack weight, P = 0.03, and HV trimming loss, P = 0.05), breed × harvest group interaction was only signifi cant for boneless sirloin weight (P = 0.03), and breed × year × harvest group interaction was never signifi cant (P = 0.14 for loin weight and P > 0.36 for all others).
For both models, differences among sire breeds were detected at comparable CCW for some component weights and were consistent across years and harvest groups. Residual effects of harvest group were often signifi cant, in agreement with results of for prefabrication carcass traits and organ weights. In that study, residual effects of harvest group seemed to indicate differences in the magnitude of the allometric parameter β within, compared with across, harvest groups. There were more rapid increases in some measures of fatness (e.g., kidney-pelvic fat weight and body wall thickness) and less rapid increases in kidney and liver weights with increasing BW across the harvest groups (i.e., when greater BW was attained through additional days on feed). However, in contrast to results of Mousel et al. (2012) , within-harvest group estimates of β from Model [2A] differed from the overall estimate of β from Model [2] only for breast, sirloin, boneless sirloin, and trimmed HV cut weights and cutting and HV trimming losses. In addition, highly signifi cant results of harvest group × year interaction were often present for component weights. This interaction might have arisen from "batch" effects caused by small differences in fabrication procedures among years and harvest groups. Year × harvest group least-squares means revealed that the location of separation of shoulder from breast and foreshank ( Fig. 1; USDA , 1996) in 2008 differed from other batches of lambs and that the location of separation of leg and sirloin differed between 2007 and 2008 . For remaining components, sources of year × harvest group effects were not obvious and likely refl ected small differences in application of IMPS among batches of lambs. Therefore, an additional model (i.e., Model [3]) was evaluated.
Model [3] , which is a modifi ed version of Model [2A] and included fi xed effects of year and sire breed and random effects of sire (nested within sire breed) and maternal grandsire, was chosen for comparing component weights among sire breeds at comparable CCW. Effects of year × sire breed × harvest group interaction were also included as a random effect in Model [3] with 24 df. This interaction was used to test fi xed effects of year and sire breed Table 5 . Values for the allometric coeffi cients varied among components from 0.68 for neck weight to 1.35 for fl ank weight but were between 0.80 and 1.20 for 13 of 19 components shown in Table 5 . Components with coeffi cients that were less than 0.80 accounted for a small percentage of fabricated CCW. Coeffi cients were greater than 1.2 only for breast and fl ank. Representative curves for various powers of CCW (Fig.  2) indicate little nonlinearity in the relationship between CCW and component weights at β values between 0.8 and 1.2. Therefore, near proportionality of component weights to CCW was observed for the main components of CCW.
Sire-breed effects on carcass component weights at comparable CCW derived from Model [3] are shown in Table 5 and were consistent with those from Models [2] and [2A] (data not shown). This consistency primarily refl ects the general consistency of sire breed effects across years and harvest groups and the near-linear relationship between CCW and most carcass component weights. Tests of signifi cance of sire breed effects in Table 5 are conservative because we used the mean square for sire breed × year × harvest group interaction as a test term. Additional signifi cant differences may be realized with extremely consistent fabrication protocols among batches of lambs, but because harvesting of lambs with different growth rates at comparable BW requires that they be harvested at different times and would, therefore, cause confounding between breed and harvest group, we believe that use of a more conservative test statistic is appropriate.
A number of the differences among sire breeds in Table 5 that attained (P < 0.05) or approached (P ≤ 0.10) signifi cance were associated with moderately sized carcasses of Texel-sired lambs. Specifi cally, Texel-sired lambs had less weight in neck than Columbia-and Suffolk-sired lambs (P < 0.02), less weight in foreshank than Suffolksired lambs (P = 0.06), and smaller cutting losses than Suffolk-sired lambs (P = 0.08). Of the HV components, only boneless leg weight tended to differ among sire breeds; boneless legs of Texel-sired lambs were heavier than those of Columbia-sired lambs (P = 0.09). Texel-sired lambs numerically had the greatest yield of trimmed HV cuts but differed from lambs sired by the other 3 breeds by only 1.3 to 1.7% (P > 0.11).
The proportion of CCW in HV cuts was greater (P = 0.04) for Composite-sired than Suffolk-sired lambs, mainly in association with greater weights of loin (P = 0.04) and rack (numerically; P = 0.16) and despite numerically lighter leg weights (P = 0.18). However, this difference disappeared (P = 0.96) after trimming of HV cuts and boning of leg. The most informative assessment of differences among sire breeds involves comparison of their progeny at composition-constant endpoints. In the U.S. sheep industry, yield grades (YG), which are based only on carcass backfat thickness, are used to quantify the anticipated yield of closely trimmed retail cuts. The boundary between YG 2 and 3 is at a backfat thickness of 6.6 mm. To compare yields of HV and trimmed cuts and losses associated with trimming of these cuts among sire breeds at the YG 2 to 3 boundary, carcass components were expressed as percentages of CCW. Model [3] was then applied to these percentages to determine the relationship between CCW and yield of each of these components. Anticipated CCW at 6.6 mm of backfat was determined from information shown in Tables 5 and 6 of Mousel et al. (2012) , and CCW was assumed proportional to the 0.775 power of backfat (i.e., the inverse of the value of β for backfat prediction from CCW under Model [2B] in Table 5 of that publication).
Results (Table 6 ) indicated that differences among sire breeds in percentage of CCW in HV cuts were essentially unchanged from that observed in the weight-constant analysis (Table 5) . This is consistent with the nonsignifi cant relationship between CCW and percentage yield of HV cuts (β = -0.01 ± 0.01). Composite-sired lambs still had greater yields of HV cuts than Suffolk-sired lambs at 6.6 mm of carcass backfat (P < 0.05). Differences among sire breeds in weight of trimmed HV cuts and cutting loss at 6.6 mm of backfat were somewhat larger than those observed at comparable CCW (range in breed means of approximately 0.8 vs. 0.5%). However, sire breed differences were still not signifi cant. These results indicate that yields of HV trimmed cuts were essentially the same for the different sire breeds at comparable backfat thickness and, therefore, comparable predicted YG.
Model [3] was also applied to the percentage of kidney and pelvic fat (as a percentage of HCW) and to body wall thickness, and sire breed means for these variables were likewise adjusted to weights corresponding to 6.6 mm of backfat. Breed differences in percentage kidney and pelvic fat and body wall thickness were not signifi cant at 6.6 mm of backfat (results not shown). This indicated that adjustment of breed means for backfat thickness effectively removed breed differences in these additional measures of fatness.
DISCUSSION
Sire breed impacted postfabrication carcass component weights of crossbred wethers produced in an extensive rangeland production system. Results of this study indicated that, at comparable numbers of days on feed, the majority of postfabrication carcass component weights were greater for Suffolk-sired lambs than for Columbia-, Composite-, or Texel-sired lambs. These results refl ected the patterns of pre-and postweaning lamb growth and BW in our previous reports Notter et al., 2012) . Because Suffolk-sired lambs had heavier carcass weights than lambs sired by the other sire breeds , heavier component weights were expected for Suffolk-sired lambs. One other publication reported that Suffolk-sired lambs had heavier wholesale weights than Columbia-sired lambs for only 1 of the 3 yr of the study (Blackburn et al., 1981) .
When adjusted for CCW, sire breed affected few carcass component weights, and this adjustment changed sirebreed rankings. Columbia-and Suffolk-sired lambs had heavier necks than Texel-sired lambs. Another study indicates that neck weights, adjusted for CCW, were greater for Suffolk-sired than for Texel-sired lambs (Abdulkhaliq et al., 2007) . Consistent with the current study, Abdulkhaliq et al. (2007) did not fi nd differences in weights of shank, rack, leg, loin, or shoulders between Suffolk-and Texelsired lambs. However, in their study Texel-sired lambs had heavier sirloins than Suffolk-sired lambs.
At comparable numbers of days on feed, HV cuts and trimmed HV cuts were heaviest for Suffolk-sired lambs; this was expected because most component weights were heaviest for Suffolk-sired lambs. Crouse et al. (1983) reported greater yields of predicted retail cuts for Suffolksired than for Columbia-sired lambs. However, Leymaster and Smith (1981) found the opposite, possibly because they estimated percentages of trimmed retail cuts; their lambs were 25 to 50% Finnsheep breeding, and their lambs were 2 to 3 mo older at harvest. In addition, withinbreed selection has taken place since the Leymaster and Smith (1981) study, potentially contributing to different results. Indeed, another study has estimated breed differences in higher-priced cuts (Wolf, 1982) but the United Kingdom has different fabrication protocols than the United States. Plus, U.K. sheep breeds have substantially different genetic backgrounds and have been selected to be quite different than the same sheep breeds in the United States. Therefore, the results from their study and ours do not seem comparable.
At comparable CCW, Composite-sired lambs had heavier HV cuts than Suffolk-sired lambs. In agreement with this study, percentage of trimmed cuts and HV cuts were not different for Suffolk-and Texel-sired lambs (Abdulkhaliq et al., 2007) , and Suffolk-and Columbia-sired lambs did not differ in estimated percentages of trimmed retail cuts (Ali et al., 2005) . However, Texel-sired lambs had a greater estimated percentage of trimmed retail cuts compared with Suffolk-and Columbia-sired lambs (Ali et al., 2005) . The apparent greater muscularity of Texelsired lambs associated with their superior carcass conformation and leg scores and larger ultrasonically determined loin muscle areas was not associated with greater yields of HV or HV trimmed cuts at comparable CCW in this study.
At comparable numbers of days on feed, cutting and HV trimming losses were greatest for Suffolk-sired lambs and least for Texel-sired lambs. Suffolk-sired lambs from this study had more kidney-pelvic fat than Columbia- Table 6 . Allometric coeffi cients (β) and sire breed least-squares means and SE for selected postfabrication carcass components adjusted to a chilled carcass weight (CCW) anticipated to correspond to a carcass backfat thickness (BF) of 6. Mousel et al. (2012) .
4 HV = high-value; cuts = rack, loin, leg, and sirloin.
5 Sum of roast-ready rack, trimmed loin, and trimmed, boneless leg.
sired lambs, but sire breed was not signifi cant for fat depth. However, Suffolk-sired lambs numerically had greater fat depth than Columbia-, Composite-, and Texel-sired lambs . This increased fat may contribute to greater cutting and HV trimming loss. Leymaster and Jenkins (1993) found that Texel progeny had leaner carcasses than Suffolk progeny at fi xed ages, and this might have contributed to smaller cutting and trimming losses for Texel-sired lambs in the present study. Indeed, the myostatin mutation identifi ed by Clop et al. (2006) in Texel sheep has been associated with reduced carcass fat (Kijas et al., 2007) . In this study, 77% of Texel-sired lambs were heterozygous for the myostatin mutation, and this might have also contributed to numerically smaller cutting and HV trimming loss. At comparable CCW, sire breed did not affect cutting and HV trimming losses. Even though Composite-sired lambs had a greater proportion of CCW in HV cuts, this difference disappeared after trimming of HV cuts and boning of leg. This result was probably associated with greater fatness in Composite-sired lambs at comparable body and carcass weights Notter et al., 2012) .
After adjustment to a carcass backfat thickness of 6.6 mm, Composite-sired lambs had a greater percentage yield of HV cuts than Suffolk-sired lambs. However, similar to when the data were adjusted for CCW, no sire-breed effect was found for HV trimming loss. Numerical differences in these weights may be because Texel-sired lambs required fewer days on feed to reach 6.6 mm of backfat relative to other sire breeds, and Columbia-sired lambs required more days on feed. These results indicate that the increased carcass fatness associated with increases in CCW was accompanied by corresponding increases in fat content of HV cuts.
The results of this study indicated that producers can select a sire breed that is consistent with their desired fi nal lamb BW and the magnitude of discounts and premiums they may receive for carcass fatness and muscling. When harvested after a comparable number of days on feed, the majority of carcass component weights and cutting and trimming losses were greater for Suffolk-sired lambs than for Columbia-, Composite-, or Texel-sired lambs. At comparable CCW, few sire-breed effects on carcass component weights and cutting and trimming losses were identifi ed. At a comparable backfat thickness, sire-breed differences were detected only for HV cut weight. From these data, Suffolk rams bred to adult Rambouillet ewes could benefi t producers who desire larger market lamb CCW with heavier carcass component weights in an extensive production system. Texel sires could benefi t producers who prefer moderate-sized carcasses (e.g., BW 54.4 kg or less) with heavy HV trimmed cuts and less cutting and trimming loss.
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